A stillborn premature Holstein calf was necropsied. The calf had severely reduced body weight and shortening of the vertebral column. The limbs appeared long and thin. Radiography and computer tomography scanning were performed, demonstrating malformation of the vertebral column. In addition, malformation of the kidneys, testicles, and heart was found at necropsy. Histologically, absence or incomplete development of intervertebral discs and complete or partial fusion of the epiphyses of adjacent vertebrae were found. In some areas, diaphyses of adjacent vertebrae were fused due to absence of epiphyses and intervertebral discs. Disturbed ossification of epiphyses in the appendicular skeleton was also present. The etiology of this syndrome was not identified. An inherited cause is possible due to a close relationship between the parents.
<!?show "fnote_aff1"$^!"content-markup(./ author-grp [1] /aff|./author-grp [1] /dept-list)> A stillborn male Holstein calf weighing 6.4 kg was delivered after a gestation period of 270 days by a 6Kyear-old cow. The sire was a purebred Holstein bull used for breeding by artificial insemination. The cow had previously been bred to other sires and given birth to four unaffected calves. In 2004, 96 calvings occurred in the herd. The stillborn calf was severely growth-retarded, with shortening of the cervical and thoracic parts of the spinal column, prominence of the anterior thoracic spinous processes, and a crown-rump length of 45 cm. The limbs appeared long and thin, giving the calf an elk-like appearance (Fig. 1) .
The carcass was examined by radiography and computer tomography (CT) scanning prior to necropsy using a Polydoros LX 50 X-ray apparatus a and a Siemens Somatom Emotion helical CT-scanner. a A reduction of the craniocaudal dimension of the thorax as a result of thoracic vertebral abnormalities was seen, giving the thoracic spine a length equal to that of the lumbar spine (Fig. 2 ). In the cervical vertebrae, the diaphyseal ossification centers were identified and from this the cervical vertebrae were determined to be normal in number. Cervical vertebrae numbers 2-6 were synostotic, resulting in a shortening of the neck. The thoracic vertebrae had variably orientated wedge-shaped bodies. As the individual diaphyseal ossification centers could not be clearly identified, the exact number of thoracic vertebrae could not determined. The thoracic spinous processes of the first two thoracic vertebrae were mildly misshapen; the remainder, however, were present as four synostotic blocks ( Fig. 2) . A localized thoracic kyphoscoliosis was present. A linear defect in the cartilage (fracture) at the thoracolumbar junction was observed. The lumbar vertebrae were normal in number, but the total length of the lumbar spine was slightly shortened due to synostosis at L1/L2 and L3/L4. Stenosis of the vertebral canal or spinal cord compression was not found. All 13 pairs of ribs were present, but several adjacent ribs were synostotic proximally. The individual Computer tomography scanning surface rendered images of the cranium and spine. The three-dimension reconstruction displays multiple vertebral abnormalities. In the cervical spine (C2 -C6), synostosis (S) of the vertebral bodies is seen. The thoracic vertebrae caudal to T3 are present as large synostoses (S), which are readily seen in the dorsal spinous processes. There is a kyphosis (K) centered at the caudal thoracic spine, a scoliosis (SC) involving the thoracic spine and a fracture (F) at the thoracolumbar junction. In the lumbar spine, there is synostosis (S) involving the vertebral bodies. sternebrae appeared normal, but the sternum had an abnormal shape, being concave ventrally.
Necropsy demonstrated a diffusely enlarged, firm liver, which in combination with meconium-associated dilation of the descending colon and reduced abdominal volume caused compression of the abdominal tissues. Kidneys and the testes could not be grossly identified, while the urinary bladder and the scrotum were hypoplastic. The volume of the thoracic cavity was reduced due to shortening and narrowing of the thorax. The thoracic cavity was almost completely occupied by a severely enlarged heart, causing compression of the lungs and displacement of the thoracic part of the thymus to the cervical area. The heart had prominent hypertrophy of the right ventricular myocardium and dilation of the right ventricle, a high interventricular septal defect, and fusion of the aorta and main pulmonary artery. The lungs had diffuse atelectasis, and there was hydrothorax.
Necropsy findings confirmed the vertebral anomalies identified by CT scanning. The diaphyses varied in size and shape. The epiphyses consisted of a broad zone of cartilage with variable development of epiphyseal ossification centers. In the posterior part of the thoracic spine, cartilage peaks protruded dorsally from the ventral base of the vertebrae into the ossified parts. Epiphyses and intervertebral spaces were either missing or misshaped. The thoracic spinous processes were increased in height and partly fused ( Fig. 3) . Additionally, the proximal part of several ribs was fused. The appendicular bones were long and slender, with wide epiphyseal plates and subarticular cartilage.
Histopathology was performed on specimens of heart, lung, liver, skeletal muscle, bones, thymus, spleen, thyroid and adrenal glands, brain, peripheral nerve, intestinal tract, pancreas, and soft tissue from the renal region. Tissue specimens were fixed in 10% neutral buffered formalin, processed and sectioned as previously reported, 2 and stained with hematoxylin and eosin (H&E). Selected sections were additionally stained by Von Kossa method for calcium, Masson trichrome connective tissue stain, McManus method for glycogen (PAS), and toluidine blue.
Histological examination of the dorsally located abdominal fat revealed the presence of two rudimentary kidneys, which consisted of only a few lobules and had a length of 1 cm. Extensive fibrosis was present, especially in the outer cortex, enclosing dilated tortuous tubules with cuboidal epithelium. Multiple immature tubules with intraluminal calcium crystals were present. The testicles were not found probably reflection agenesia or severe hypoplasia. Hepatic lesions were characterized by dilation of central veins and sinusoids, disintegration of the hepatic plates, and fibrosis in the portal areas and around the central veins. In the appendicular skeleton, the cartilage of the epiphyseal periphery, including the epiphyseal side of the physis, consisted of a broad zone of resting chondrocytes irregularly dispersed in a ground substance. Towards the epiphyseal ossification center, the chondrocytes were hypertrophied and arranged in nests or small columns near the zone of calcification. The calcification zone was irregular, and chondrocytic degeneration was incomplete, leaving cores of cartilage throughout the epiphyseal spongious bone. The H&E staining of the ground substance was uneven and varied from eosinophilic in the resting cartilage to basophilic in the zones of hypertrophy and proliferation. In eosinophilic areas, single chondrocytic lacunae or groups of lacunae were often surrounded by basophilic stained cartilage. The epiphyseal cartilage generally gave a weak PAS reaction. The metachromatic staining reactions varied from intense staining to almost no staining, with streaks of different staining intensities intermingling with each other. In some areas, a fine fibrous meshwork was present. Fibrous septa with arteries and dilated veins intersected the epiphyseal cartilage.
In the physis, the zones of resting, proliferative, maturing, and hypertrophied chondrocytes appeared nor- mal. In the zone of calcification, cartilage degeneration and mineralization was not complete, leaving cartilaginous central cores within the bony spicules of the spongiosa. A compacta with central cores of cartilage was present in the peripheral part of the diaphysis, while the compacta was normal in the midpart.
The cervical vertebrae were misshaped, with prominent cartilaginous epiphyses. Primary and secondary ossification centers were present, and normally developed intervertebral discs separated the vertebrae. The thoracic and lumbar vertebrae and intervertebral discs were abnormal. The most prominent lesion was absence or incomplete development of intervertebral discs, causing complete or partial fusion of the epiphyses of adjacent vertebrae. The fused epiphyses had growth zones towards adjacent diaphyses, with morphology similar to the growth zones of the appendicular skeleton. In the thoracic spine, epiphyses of adjacent vertebrae were mostly rudimentary or absent, which consequently was associated with fusion of vertebral diaphyses (Fig. 4) . The rudimentary epiphyses were seen as papilla-shaped cartilaginous projections protruding from the periphery into the fused vertebral diaphyses. The periphery of the projections facing the diaphyseal spongiosa had growth zones. Due to the uneven and multifocal occurrence of growth areas, the vertebral diaphyseal spongiosa lacked orientation, and the bony spicules had increased thickness. Central cores of cartilage and occasional islands of cartilage were present in the spongiosa.
Analyses of brain tissue for bovine virus diarrhea virus (BVDV) and pleural effusion for antibodies against BVDV and Neospora caninum 1 were negative.
Genealogical analysis of five-generation pedigrees demonstrated inbreeding and identified the maternal and paternal grandsire as a common ancestor (Fig. 5 ). This sire was an internationally used Dutch Holstein sire and was genetically related to important breeding lines within the U.S. Holstein breed.
The gross morphology of this case shares many features with the short spine lethal syndrome of cattle. The short spine lethal syndrome was originally reported in a local Norwegian breed in 1930 6 and later also found in Icelandic cattle 7 and the Aberdeen-Angus breed. 4 Two cases have been reported in buffaloes. 3, 5 Variation in the gross lesions between these breeds and species were found, and they may represent different genetic disorders. The most striking gross lesion in the present case was the obvious shortening of the vertebral column with conspicuous thoracic spinous processes. This appearance was due to extensive vertebral malformation. These gross lesions are a main finding in the short spine lethal syndrome in all breeds. Additionally, malformations were found in the heart, kidney, and testes. While cardiac and renal malformations were reported in a female Aberdeen-Angus calf in association with the short spine lethal syndrome, 4 soft tissue lesions were not found in the other bovine cases. Furthermore, the present case had severely reduced body weight compared with body weights of 17 to 20 kg in other cases of the short spine lethal syndrome. 4, 6 As morphological differences exist in the short spine lethal syndrome in various breeds, they might be due to different mutations acting on the same developmental pathways. The designation ''brachyspina syndrome'' in the present case is used to indicate this uncertainty. The use of ''short spine lethal syndrome'' should be restricted to cases analogous to the original Norwegian cases.
Short spine lethal syndrome has not been previously examined by histopathology. Therefore, comparison between the present case and previous reports is impossible. The skeletal lesions in this case were mainly due to a disturbed development of intervertebral discs and epiphyses of the vertebral column. The presence of extensive amounts of epiphyseal cartilage might reflect an imbalance between the growth of cartilage and the formation and expansion of secondary ossification centers.
The cause of the present case is unknown. A hypothesis of autosomal recessive inheritance can be proposed, but not proven. In the Norwegian study, 6 a segregation pattern similar to an autosomal recessively inherited disorder was found, demonstrating that this type of malformation can be inherited. The Icelandic cases clearly occurred in a familiar pattern with inbreeding. 7 In the present study, genealogic analysis demonstrated the presence of a closely related common ancestor (Fig. 5 ). This finding is interesting and could indicate an autosomal recessive inheritance. However, its significance cannot be determined, and further cases are needed to evaluate this aspect. It is important for veterinary diagnosticians to be aware of this disorder, as important and widely used breeding lines occurred in the pedigree.
Examination of skeletal malformations in fetuses and neonatal animals is a difficult task for the pathologist. Radiographic examination is a helpful tool, but the threedimensional impression is lost and optimal projections may not be achieved. Maceration of bones can be used, but bones of young animals typically separate along the growth plates, making this method unreliable, especially if the cranium or the vertebral column is macerated. Furthermore, the pathologist must choose between maceration and sawing of the bones for histopathology or for examination of the central nervous system. CT scanning is very useful for the pathologist, as three-dimensional pictures are obtained prior to necropsy, giving an appreciation of the pathology present without excluding subsequent histopathology or examination of the central nervous system. Furthermore, CT scanning allows examination for lesions, i.e., hydrocephalus and spinal cord compression in situ, which may be difficult to diagnose at necropsy.
